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A video detector for detecting scene changes in a video
according to embodiments includes an input for accepting the
video, a difference metric calculator for computing a differ-
ence metric between two adjacent video frames, and an out-
lier detector to detect whether an output of the difference
metric calculator contains measurements outside of a thresh-
old level of standard deviations of a Gaussian distribution.
Methods are also described.

ABSTRACT

10 Claims, 8 Drawing Sheets

Check for Qutiiers in

Method

RMSE using Huber's

125

N

RMSE Qutlier
Exists

22
NO

Check for Qutiiers in

Huber’s Method

Block Mismatch % using

124

Biock Mismatch
% Outlier Exists

130«{ Initiztize: loop counter, loop_i

ndex = 1 }-—————»@




US 9,183,445 B2

Sheet 1 of 8

Nov. 10, 2015

U.S. Patent

OFdIN NI FONVHO
INFIS LdNydgyv

L FHNOI4

Z 9U90g | 5u00S

>1\J\/>|\\J

}
\ G sweld

\\ vam._n_\\mmEEn_ \N@Emﬁ_\\vamﬁ_ \




U.S. Patent Nov. 10, 2015 Sheet 2 of 8 US 9,183,445 B2

Mo Seens changs

b 0 Sosuplen

FIGURE 2

Scenslhangs «Outling

B AR

Hhan OF Sampiss

Ry

p]

FIGURE 3



U.S. Patent Nov. 10, 2015 Sheet 3 of 8 US 9,183,445 B2

BEGIN
100 < ERAME N = 1 }””D

End of Sliding
Window

Check for Qutliers in
RMSE using Huber's }-—~125
Method

122

RMSE OQutlier
Exists

Check for Outliers in
Block Mismatch % using 124
Huber’s Method

Block Mismatch
% Qutlier Exists

130 initialize loop counter, loop_index = 1 }—-}@
FIGURE 4A




U.S. Patent Nov. 10, 2015 Sheet 4 of 8 US 9,183,445 B2

loop_index <
sliding_window_size

RMSE_outlier[loop_index] =
Block mismatchiloop index]

Scene cut exists at Frame Number (N | __ 4
~ sliding_window_size — loop_index)
146
r

—)i loop_index += 1 1—-}@

150

Scene Cut
Detected

Move data for RMSE and biock
mismatch from the point of scene
cut detection in the sliding window

to the beginning of the sliding

window
156 @
r

Move data for RMSE and block
mismatch from
N

sliding_window_sizef2 to
beginning of sliding_window

FIGURE 4B



U.S. Patent Nov. 10, 2015 Sheet 5 of 8

160*\,{ Compute RMSE between (N & N-1)

Compute Block Mistmatch % between
{N & N-1)

v

Add RMSE and Block Mismatch % for
frame N to sliding window

v

166’\4 Sliding_window_size += 1 l

v
168 ~| N += 1 K—@

162~

164 ~

End of
Sequence

180

US 9,183,445 B2

FIGURE 4C



U.S. Patent

Nov. 10, 2015

Window X

Sheet 6 of 8

US 9,183,445 B2

P42

P43

P44

P45

P46

P47

P48

P35

P36

P37

P38

P39

P40

P41

P21

P22

P23

P24

P11

P12

P13 |

P10

P9

P8

P25

P26

P27

P2

P3

s005 -5 —>

P5

P4

-

P20

P19

P18

P17

P16

P15

P14

P34

P33

P32

P31

P30

P29

P28

FIGURE 5



U.S. Patent Nov. 10, 2015 Sheet 7 of 8 US 9,183,445 B2

N
o]
jo)

Initialize block_mismatch_countto 0.
~220

Initialize block_counter =0

!

Divide frames N & N-1 into 16x16 292
“total_number_blocks”

block_counter
>

total_number_blocks

For each biock *y” in Window_X &
Window_Y in Frame N-1, compute the

average of the luma component of block vy,
as mean_y.

abs(mean_x — mean_y)
>

error_tolerance,
(for every 'y)

[ block_mismatch_count ++ }AZGD

270\ i
)I block_counter ++

block_mismatch % =
280 ~ {block_mismatch_count / {-——@

total_number_blocks) * 100

End 110

FIGURE 6



US 9,183,445 B2

Sheet 8 of 8

Nov. 10, 2015

U.S. Patent

L 3HENold

lllllll 1 T e e
| avomaw | " ¥0SS300Ud |
| 0LL | _ 09Z .
sssssss J ]
NERIEL
¥0L10313d
el
¥0L10313a mowﬁ_h%_\%\o
d3MLNO 30NIH3AHIA
057 o

H0103130 IONVHO INTDS 002

SEEIINEL
05z

| HOLVH3INID
_ MOUANIM

_ ONIAIS

_ —

Jojeaipuy
abueyn susog

nduy
O9PIA




US 9,183,445 B2

1
HEURISTIC METHOD FOR SCENE CUT
DETECTION IN DIGITAL BASEBAND VIDEO

RELATED APPLICATION

This application claims priority to Indian Patent Applica-
tion No. 3101/MUM/2012, filed Oct. 25, 2012, titled HEU-
RISTIC METHOD FOR SCENE CUT DETECTION IN
DIGITAL BASE BAND VIDEO, which is incorporated by
reference.

FIELD OF THE INVENTION

This disclosure is directed toward analysis of video, and,
more particularly, to detecting when scene cuts occur in a
video stream.

BACKGROUND

A video sequence is made from a set of video frames
having a certain temporal distance between the frames. As
part of a given ‘scene,” the video frames within it have a
temporal coherence. Scene cuts are introduced at various
points in the video sequence due to a number of factors such
as video editing effects, changing camera angles, and artistic
effects, etc., as well as due to scene changes themselves.

FIG. 1 illustrates a series of video frames that contains two
scenes in a video in which the scene change from the first
scene to the second scene is abrupt. In an abrupt scene change,
the frames on either side of the scene changes are completely
different. For example a first scene of a video may be a person
approaching a building from the outside, then the video
changes scenes to a view of the person entering the building
from the inside. In this instance, the last frame of the first
scene and the first frame of the second scene are radically
different. Other scene changes happen gradually over a num-
ber of video frames. These gradual scene changes may
include fades, wipes, dissolves, etc. Embodiments of the
invention are directed to the former types of scene changes.

Several approaches exist for detecting scene changes, but
they may be broadly classified into one of two categories—
those that analyze compressed video streams and those that
analyze uncompressed video streams. The latter type is also
called analysis in the uncompressed pixel domain, and is the
category to which the invention is directed.

One popular method of detecting scene changes in uncom-
pressed video streams is to use an intensity histogram. In this
method the histogram difference between two consecutive
video frames is computed. This difference is then compared
against a threshold to decide whether a scene cut occurred
between the two frames. A potential drawback of such an
approach is how to choose the threshold. Sometimes a global
threshold applied to all of the frames across a video sequence
would yield better results, but other times a local threshold
would be better. Another possible limitation with the histo-
gram approach is that it has difficulty detecting between two
images that have different structure but similar pixel values.

Embodiments of the invention address these and other
limitations of the prior art.

SUMMARY OF THE INVENTION

Some aspects of the invention include methods for detect-
ing scene changes in an video that may include a number of
different scenes. One such method includes accepting at least
two frames of video at a video input and computing a differ-
ence metric between two adjacent video frames. Next the
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method detects whether an output of the difference metric
calculator contains measurements outside of a threshold level
of standard deviations of a Gaussian distribution. When such
outliers exist, the method indicates the video as having a
scene change. The difference metric may include root mean
squared error, for example. The method may also include
outlier detection to verify that a pair of outliers is based on
data from the same element in at least one same-sized sliding
window.

Other aspects of the invention include a video detector for
detecting scene changes in a video that may include a number
of different scenes, in which the video includes a plurality of
frames each made from individual pixels. Such a video detec-
tor includes an input for accepting the video, a difference
metric calculator for computing a difference metric between
two adjacent video frames, and an outlier detector to detect
whether an output of the difference metric calculator contains
measurements outside of a threshold level of standard devia-
tions of a Gaussian distribution. Once calculated, an identifier
of the video detector indicates the video as having a scene
change based on an output of the outlier detector.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a series of video frames that contains two
scenes in a video in which the scene change from the first
scene to the second scene is abrupt.

FIG. 2 illustrates a the behavior of the difference metric
between adjacent frames, in an interval of frames with no
scene cut, used by embodiments of the invention.

FIG. 3 illustrates a illustrates the behavior of the difference
metric between adjacent frames, in an interval of frames with
one scene cut, used by embodiments of the invention.

FIGS. 4A, 4B, and 4C together make a flowchart illustrat-
ing an example method of detecting scene cuts in a video
according to embodiments of the invention.

FIG. 5 is an example window size used by the block match-
ing method for the false alarm detector according to embodi-
ments of the invention.

FIG. 6 is a flowchart illustrating an example method of
detecting false alarms for scene cuts in a video, according to
embodiments of the invention.

FIG. 7 is a block diagram illustrating components of a
video detector structured to identify scene cuts of a video
according to embodiments of the invention.

DETAILED DESCRIPTION

Embodiments of the invention use statistical modeling to
detect scene changes in a video. Difference metrics are cal-
culated between two consecutive video frames, then the data
of the metric is statistically analyzed to seek outliers. If out-
liers exist, it is likely that the frames used to calculate the
metric are from different scenes. Variations of the method are
used to decrease the probability of false positive results.

One difference metric is root mean squared error (RMSE).
In this embodiment an RMSE is calculated for the luminance
component of two adjacent frames represented in YUV for-
mat, which is a format often found in streaming video that
enhances luminance values over chrominance values.

An RMSE formula is set forth below as:

RMSE=Square Root (MSE), where

MSE=2(N,-(n-1)_ *(N,-(N-1),)/Number of pixels in

image
where
N, is the pixel x of the luma component in frame N;
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(n-1), is the pixel x of the luma component in frame N-1;

and

X ranges from 0

(frame_luma_width*frame_luma_height)

The statistical behavior exhibited by the RMSE values,
over a sliding window, approximates a Gaussian distribution,
with most of the values centered around the mean, and several
within one standard deviation from the mean.

FIG. 2 illustrates this behavior. FIG. 2 is a plot of RMSE
values plotted against the number of samples for a test video
sequence that has no abrupt scene cuts. By using the known
property that 95% of the samples of a distribution exhibiting
Gaussian properties lies within two standard deviations from
the mean, it may be assumed that anything that lies outside of
two standard deviations from the mean of an RMSE distribu-
tion may be considered a potential outlier. FIG. 3 illustrates a
plot of RMSE values for a video test sequence that has an
abrupt scene cut. It is evident in FIG. 3 that, while most
samples are centered around the mean, there is one outlier
having an RMSE value of approximately 40, which is
approximately 8 times away from the mean. This outlying
RMSE value corresponds to a scene cut at that frame, which
was confirmed by manual inspection.

Embodiments of the invention, therefore, detect outliers in
a difference metric, such as RMSE samples for a specified
window size. One such statistical method is Huber’s method,
detailed in AMC Technical Brief, No. 6, Apr. 2001, entitled
“Robust Statistics: a method of coping with outliers,” which
is incorporated by reference herein.

Sometimes, however, effects such as camera pan or zoom,
appearance of text captions, or a few dropped frames between
two consecutive frames of a video sequence can also produce
a spike in RMSE values. Without error detection, these
RMSE spikes would be categorized as outliers, and therefore
falsely as scene cuts. To minimize such a possibility of false
attributions, embodiments of the invention include a block
matching method described below.

FIGS. 4A-4C illustrate an example method according to
embodiments. A flow 100 begins at a first frame of a video
sequence in an operation 110. A decision operation 114
checks to see if the current frame is at least the second frame
in the video sequence. Since the first frame is not at least the
second frame, the decision operation 114 initially exits in the
NO direction, and the flow 100 proceeds to operation 168
(FIG. 4C) where the next frame in the video sequence is
acquired. Because the end of the video sequence has not yet
been reached, the decision operation 170 exits in the NO
direction, and the flow 100 loops back to the operation 114
(FIG. 4A).

The flow then proceeds to an operation 116, where a deci-
sion operation determines if the end of the sliding window has
been reached, described below. The size of the sliding win-
dow may be user specified. Assuming the end of the sliding
window has not been reached, the operation 116 exits in the
NO direction, and the flow 100 continues at a process 160
(FIG. 4C), where the RMSE difference metric is computed
between the frames N and N-1.

An operation 162 then computes a block mismatch per-
centage between the frames N and N-1, which is described in
detail with reference to FIGS. 5 and 6 below.

Next, the flow 100 proceeds to an operation 164, which
combines the RMSE and block mismatch percentage calcu-
lated in operations 160 and 162, respectively, and the sliding
window size is increased by 1.

The flow 100 then selects the next frame in the video
sequence in the operation 168. If the decision operation 170

to
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determines that the last frame in the video sequence has not
been reached, then the flow 100 repeats again at the process
114.

With reference back to operation 116 (FIG. 4A), if instead
the end of the sliding window has been reached, then the flow
100 exits the decision operation 116 in the YES direction.
Then outliers are determined using a statistical method such
as Huber’s method described above in an operation 120. If
such an outlier exists, the decision operation 122 exits in the
YES direction and outliers are determined in the block mis-
match percentage, again using Huber’s method in an opera-
tion 124.

If such outliers exist in the block mismatch percentage,
then the flow 100 continues to an operation 130, which begins
a sequence to check for a false positive scene detection.

To check for such a false positive, first a decision operation
140 (FIG. 4B) checks to see if the loop index is less than the
size of the sliding window. Because for the first time through
this branch the loop index is necessarily less than the sliding
window size, the decision operation 140 exits in the YES
direction. A decision operation 142 then verifies that both
outliers in the RMSE and the block mismatch percentage
outlier are pointing to the same element in the sliding window.
If so, then the decision operation 142 exits in the YES direc-
tion and it is determined that the scene cut exists at frame
number N-sliding window_size—loop index). The loop
index is then incremented in an operation 146, and the branch
continues back at operation 140 until the loop index equals
the size of the sliding window.

When the loop index equals the size of the sliding window,
the flow 100 continues to a decision operation 150. If the
scene cut was detected in the operation 144, the decision
operation 150 exits in the YES direction, and data for the
RMSE and the bock mismatch is moved from the point of the
scene cut detection in the sliding window to the beginning of
the sliding window in an operation 152, and the flow 100
continues at operation 160 (FIG. 4C). If instead no scene cut
was detected in the operation 144, then the decision operation
150 exits in the NO direction, and the sliding window statis-
tics for both the RMSE and the block mismatch are moved
from % of the sliding window size to the beginning of the
sliding window, and again the flow 100 continues at operation
160 (FIG. 4C).

The block matching method referred to in operation 162
(FIG. 4C) is described below with reference to FIGS. 5 and 6.
in these figures:

PO is the co-located block of the current block in Frame

(N-1);

PO:P48 are the blocks in Frame (N-1) against which the

current block is matched; and

Window X and Window Y are user configurable sizes of the

matching window.

An outline of the block match method is now described
with reference to a flow 200 in FIG. 6. After an initialization
operation 220, frames N and N-1 are divided into a number of
two-dimensional 16x16 blocks, for example, in an operation
222. Also, although not illustrated, for each block ‘x’ in frame
N, the mean of the luma component for block x is computed
as mean X.

Then, so long as the block counter has not reached the last
block in decision operation 230, for each block ‘y’ in the
Window X*Window Y in frame (N-1), a mean luma compo-
nent for block y is computed as mean y, and compared to
mean X, in an operation 240. In a decision operation 250, if
mean X is outside the error tolerance range, such as five units
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of'every mean y, then a block mismatch count is incremented
in an operation 260. Then the block counter is incremented as
well in an operation 270.

Finally, after each block y has been so evaluated for every
block x, a block mismatch percentage is calculated in an
operation 280 as the (block mismatch count/total number of
blocks)*100.

A refinement of the block matching method includes using
block sizes different than 16x16 in the operation 122. Also,
the mean values of the overlapping neighboring blocks could
be stored so that the mean does not have to be calculated in
every block.

A scene change detector for detecting scene changes in a
video that may include a number of different scenes may
include elements as illustrated in FIG. 7. In FIG. 7, a scene
change detector 700 includes an input for accepting the video.
A difference metric calculator 720 is used to compute a dif-
ference metric of a luma component between two adjacent
video frames as described above with reference to FIGS.
4A-4C. In some embodiments the difference metric calcula-
tor may calculate a root mean squared error between the two
adjacent video frames.

The scene change detector 700 also includes an outlier
detector 730 to detect whether an output of the difference
metric calculator 720 contains measurements outside of a
threshold level of standard deviations of a Gaussian distribu-
tion. An identifier 750 may then indicate the video as having
a scene change based on an output of the outlier detector, and
further may indicate the location of the scene change.

The scene change detector 700 may also include an outlier
detector verifier 732 structured to verify that a pair of outliers
is based on data from the same element in at least one same-
sized sliding window. This reduces the chance of falsely
labeling a scene change when there actually is no scene
change.

The scene change detector 700 may also include a block
mismatch calculator structured to compare a block of a first of
the two adjacent frames to a set of blocks of a second of the
two adjacent frames, and in some embodiments the block
mismatch calculator is structured to operate on various sized
blocks. Any of'the functions illustrated in the functional block
diagram of FIG. 7 may be implemented by a processor 760,
and may be stored in related memory 770.

What is claimed is:

1. A video detector for detecting scene changes in a video
that may include a number of different scenes, the video
including a plurality of adjacent video frames each made
from individual pixels, the detector comprising:

an input for accepting the video;

a difference metric calculator for computing a difference
metric between pairs of adjacent video frames in the
plurality of adjacent video frames;

ablock mismatch calculator configured to compare each of
a plurality of two-dimensional blocks of one of the pairs
of adjacent frames to a set of corresponding blocks of a
plurality of two-dimensional blocks of a second of the
pairs of adjacent frames, the block mismatch calculator
further configured to compute, for the pairs of adjacent
frames, a percentage of block mismatch based on the
comparisons and a total number of blocks in the first of
the pairs of adjacent frames;

an outlier detector configured to identify a Gaussian distri-
bution for the computed difference metrics and to iden-
tify a Gaussian distribution for the computed percent-
ages of block mismatch, the outlier detector also
configured to detect whether a difference metric outlier
exists, the difference metric outlier existing when one of
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6

the computed difference metrics is outside of a threshold
level of standard deviations of the Gaussian distribution
for the computed difference metrics, the outlier detector
further configured to detect whether a block mismatch
outlier exists, the block mismatch outlier existing when
one of the computed percentages of block mismatch is
outside of a threshold level of standard deviations of the
Gaussian distribution for the computed percentages of
block mismatch; and

an identifier structured to indicate the video as having a

scene change when both a difference metric outlier
exists and a block mismatch outlier exists.

2. The video detector for detecting scene changes accord-
ing to claim 1 in which the difference metric calculator cal-
culates a root mean squared error between the pairs of adja-
cent video frames.

3. The video detector for detecting scene changes accord-
ing to claim 2 in which the plurality of adjacent video frames
are represented in YUV format and in which the difference
metric calculator calculates a root mean squared error for a
luminance component of the pairs of adjacent video frames.

4. The video detector for detecting scene changes accord-
ing to claim 1, further comprising an outlier detector verifier
structured to verify that the difference metric outlier and the
block mismatch outlier are based on data from the same pair
of'adjacent video frames.

5. The video detector for detecting scene changes accord-
ing to claim 1, in which the set of corresponding blocks of the
second of the pairs of adjacent frames is configurable.

6. A method for detecting scene changes in an video that
may include a number of different scenes, the method com-
prising:

accepting, at a video input, a video having a series of

adjacent video frames;

dividing each video frame into a plurality of two-dimen-

sional blocks;

computing a difference metric between each pair of adja-

cent video frames in the series of adjacent video frames;
identifying a Gaussian distribution for the computed dif-
ference metrics;

detecting whether a difference metric outlier exists, the

difference metric outlier existing when one of the com-
puted difference metrics is outside of a threshold level of
standard deviations of the Gaussian distribution for the
computed difference metrics;

comparing each of the plurality of blocks of a first of each

pair of adjacent frames to a set of corresponding blocks
of the plurality of blocks of a second of each pair of
adjacent frames;

computing, for each pair of adjacent frames, a percentage

of block mismatch based on the comparing and a total
number of blocks in the first of each pair of adjacent
frames;

identifying a Gaussian distribution for the computed per-

centages of block mismatch;

detecting whether a block mismatch outlier exists, the

block mismatch outlier existing when one of the com-
puted percentages of block mismatch is outside of a
threshold level of standard deviations of the Gaussian
distribution for the computed percentages of block mis-
match; and

indicating the video as having a scene change when both a

difference metric outlier exists and a block mismatch
outlier exists.

7. The method for detecting scene changes according to
claim 6, in which computing a difference metric between
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each pair of adjacent video frames comprises calculating a
root mean squared error between each pair of adjacent video
frames.

8. The method for detecting scene changes according to
claim 6 in which the series of adjacent video frames is repre- 5
sented in YUV format and in which computing a difference
metric between each pair of adjacent video frames comprises
calculating a root mean squared error for a luminance com-
ponent of each pair of adjacent video frames.

9. The method for detecting scene changes according to 10
claim 6, further comprising, before indicating the video as
having a scene change, verifying that the difference metric
outlier and the block mismatch outlier are based on data from
the same pair of adjacent video frames.

10. The method for detecting scene changes according to 15
claim 6, in which the set of corresponding blocks of the
second of each pair of adjacent frames is configurable.
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